



Natural hazard mitigation 






















University of California at Irvine 
Department of Planning, Policy and Design 
 
Rijksuniversiteit Groningen 
Faculteit der Ruimtelijke Wetenschappen  i
PREFACE 
 
This paper was written as part of the NEURUS-program. This program, in full ‘Network of 
European and US Regional and Urban Studies’, offers students an opportunity to study and 
conduct research overseas for one semester in the final year of their studies. As an 
environmental and infrastructure planning student at the Rijksuniversiteit Groningen, I did my 
NEURUS-project at the University of California at Irvine during the fall semester of 2004, 
focusing on natural hazard mitigation in the United States and more in particular in Los 
Angeles County and Orange County, California. Being back in the Netherlands, I will write my 
final thesis on a similar subject but now situated in the Netherlands, which facilitates a 
comparison of mitigation policies in the Netherlands versus the United States. 
 
Conducting research in a foreign country proved to be quite a challenge for me. Finding all the 
literature that I needed for my research, and making contact with people who could provide me 
with information on planning and mitigation practice in Southern California was sometimes 
difficult. I would like to thank my advisor Richard Matthew for his advice and useful 
comments that guided me through my research. Thanks also to those at UCI who helped me 
with my literature review, especially Victoria Basolo. Before leaving for Irvine, Paul van Steen 
was a great help to me, pointing out how I could apply for scholarships and explaining visa 
procedures and other arrangements. I am very thankful for his help and for rousing my interest 
for the NEURUS program in the first place. Finally, I would like to say special thanks to all 
NEURUS and UCI students who made my stay in Irvine a most pleasant one by helping me 
with practical problems and organizing some fun outings so I could escape from my research 













   ii
ABSTRACT 
 
Human society has always been threatened by natural disaster. Of old, these were perceived as 
acts of God or as mystical forces. During the last decades, scholars realized that they were 
caused by an incorrect adaptation of human life to the natural world, thereby making natural 
hazards the terrain of, among others, urban planners. Since more people will be at risk from 
natural hazards in the future, it is important for planners to integrate natural hazard mitigation 
into common planning practice.  
 
A literature review reveals the requirements for high quality natural hazard mitigation. Among 
the most important demands are the need to embed mitigation in a comprehensive planning 
program, the need to start the mitigation planning process as early as possible and the need for 
public participation and full partnerships among government levels and institutions. Mitigation 
plans require a strong factual basis in the form of a risk assessment.  
 
In the US, the Federal Emergency Management Agency FEMA regulates many mitigation 
programs and funds and aims to provide the impetus for state and local governments to include 
natural hazard mitigation in their planning process. However, many FEMA policies actually 
subsidize risk instead of minimizing it. The State of California established numerous natural 
hazard mitigation programs. These programs have to be implemented by local governments but 
unfortunately, the State lacks authority to enforce a strict enforcement of these regulations. 
Local governments are therefore not encouraged enough to undertake effective mitigation 
efforts.  
 
A case study of Orange County and Los Angeles County shows that cities indeed do not 
succeed to create effective natural hazard mitigation plans. This is truly regrettable, since both 
counties are highly urbanized and located in a multi-hazard high-risk area. The potential losses 
in case of a natural hazard event such as a major earthquake are enormous. Governments of all 
levels should therefore start to focus more on effective natural hazard mitigation in order to 
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1.1  Natural hazards and the need for mitigation 
Human society has always been threatened by natural disasters. Since the earliest times, people 
have feared the incredible forces of nature. In the last decades, the number of disasters seems to 
be infinite. One after the other flood, earthquake, hurricane or blizzard shakes up the world. 
Between 1950 and 1990, costs for disaster relief in the US in have increased fourteen-fold and 
are now estimated at $54 billion per year worldwide and it is likely that these numbers will 
increase dramatically over the next 50 years (Benson & Clay 2003, Freeman 2003, Burby 
1998). Many mega cities are situated in a disaster-prone area. Rio de Janeiro has to deal with 
landslides, Bangkok with floods, Mexico City with subsidence, Shanghai with tropical storms, 
Sydney with wildfires, Los Angeles with earthquakes, Miami with hurricanes and New York 
with blizzards (Mitchell 1999). It seems as though every mega city in the world is challenged 
by one or more natural hazards.  
 
Of old, natural disasters were perceived as acts of God or as mystical forces. In more recent 
times, the notion that they where merely part of nature flourished. During the last decades, 
scholars realized that these disasters where caused by incorrect human decisions on where to 
live, where to built en how to interact with the environment (Weichselgartner 2001, Mitchell 
1999, Davis 1998, Beatley & Berke 1992, McEntire 2004, Palm & Carroll 1998). This change 
in perceptions meant that from now on natural disasters where the field of study not only of 
geophysicists, but also of social scientists, including planners. Land use planning has the power 
to divert spatial development away from the most hazardous areas and/or to regulate the use of 
such areas, and can thus contribute to a less hazardous environment.  
 
In the near future, increasing numbers of people and cities will be threatened by natural 
disasters. Historically, the most hazardous areas were usually avoided when founding and 
expanding our cities. Nowadays, the earth’s population is growing at an ever increasing rate, 
thereby forcing people to settle previously un-used hazardous land. At the same time, climate 
change will increase the number of climate related events such as floods and hurricanes 
(Mitchell 1999). Finally, through ongoing urbanization large concentrations of people live in 
relatively small areas. This means that if a disaster strikes a mega city, the consequences are 
extreme because so many people are involved (Albala–Bertrand 2003). Although it is 
impossible to prevent earthquakes, floods, storms and other natural hazard events from   2
happening, it is possible to reduce their impacts by changing the built and social environment 
to minimize vulnerability and exposure to these hazards, and thereby reduce disaster losses 
(Godschalk e.a. 1999). With ever more people being threatened by natural hazards, whether by 
an increasing population or by climate change, hazard mitigation will be an increasingly 
important aspect of land use planning. 
 
 
1.2  Research objectives and methodology 
This paper will examine how natural hazard mitigation measures are applied in Southern 
California. First, a literature review will investigate leading theories on natural hazard 
planning, focusing on the effectiveness of mitigation. In other words; what requirements does 
natural hazard mitigation have to meet in order to be effective in reducing natural hazard risks? 
This question will be answered on the basis of two secondary questions: 
•  What mitigation measures are possible and how effective are they? 
•  How should natural hazard mitigation be applied within regular planning processes?  
 
The institutional framework for natural hazard mitigation in the United States of America, and 
California in particular, sets the conditions for local hazard mitigation efforts in Southern 
California. It is therefore important to obtain an understanding of this framework. Questions 
that will be answered are: 
•  What are the roles of the different levels of government and their institutions in natural 
hazard mitigation? 
•  What are the goals of federal and state policies concerning natural hazard mitigation 
and how are these policies implemented? 
•  How do these policies relate to the findings of the literature review? 
 
Orange County and Los Angeles County, both in California, will be used as case studies. The 
natural hazard mitigation elements of land use plans of these counties, and of some of the cities 
therein, will be evaluated based on the conclusions of the literature study. This evaluation 
reveals the position of natural hazard planning in common local planning practice and some 
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1.3  Reader’s guide  
The next chapter focuses on hazard planning theory. Several terms and ideas that are connected 
with hazard mitigation will be clarified. Then, a typology of different mitigation measures and 
their effectiveness, and the way in which mitigation should be included in land use planning, 
will be explained. Chapter 3 deals with both federal and state of California hazard mitigation 
policies. In chapter 4, several land use plans and hazard mitigation plans for Orange County 
and Los Angeles County and cities therein are analyzed in order to be able to define the quality 
of natural hazard mitigation at the local level. Finally, it is possible to formulate several 
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2. CONCEPTUAL FRAMEWORK: LITERATURE REVIEW 
 
 
2.1   Definitions 
This paragraph will provide definitions and explanations of terms related to natural hazards and 
their mitigation. It is important to realize that there are many ways of defining these terms. 
Weichselgartner (2001) for example gives 24 different definitions of ‘vulnerability’. This 
indicates that one standard definition that is widely agreed upon is often not available. In this 
paper, the terms are defined by compromising the different ideas that exist in hazard mitigation 
literature. 
 
A natural disaster is an emergency event caused by a natural hazard that causes widespread 
losses in any possible way and is both uncommon and extreme (Cutter 2005, Briechle 1999). 
The consequences of a disaster can be (Palm & Carrol 1998): 
•  Injuries and casualties 
•  Loss of or damage to property 
•  Shortages of food and water  
•  Social disruption  
•  Reduction in economic activity 
•  Disruption of utilities and infrastructure 
•  Damage to crops and livestock 
It is important to note that an event is only considered a disaster if there is a large effect on 
humans and/or human society and/or the economy. An earthquake in a completely uninhabited 
area is therefore not a disaster but merely an event. This notion holds that a disaster is always 
the result of the interactions between humans and the natural environment and that our 
vulnerability to disasters increases with an unsustainable use of the natural environment (Cutter 
2005).   
 
A hazard can be described as the threat of a disaster that might happen. There are two types of 
hazards: natural hazards and man-made hazards. Natural hazards include all hazards that are 
caused by natural forces. A further distinction can be made between geologic hazards and 
atmospheric hazards. Geologic hazards include all hazards caused by tectonic activity such as 
earthquakes, and those caused by soil instability, for example land slides. Atmospheric hazards 
include drought, floods, storms and all other natural events caused by severe weather   5
circumstances. Sometimes a disaster is caused by a concurrence of several hazards. A 
mudslide, for example, is often caused by a combination of soil instability and heavy rainfall. It 
is then usually classified by the hazard that contributes most to the occurrence of the disaster at 
that particular moment. The fore mentioned mudslide would therefore be called a climatic 
event because it is the rainfall that triggers the event of the mudslide. Biologic hazards such as 
epidemics of cholera or AIDS can be denominated as natural hazards (Mitchell 1999), but 
because of their different nature both in appearance and consequences as in possible mitigation 
methods, they will not be included in this paper.  
 
New technologies might sometimes help us in our struggle for a safer world; modern 
technology can however add new hazards in itself: man-made hazards. These new hazards 
include among others radioactivity from nuclear plants, a wide range of pollutants and 
hazardous substances, industrial accidents and terrorism. A distinction that can be made 
between the mitigation of natural hazards and that of man-made hazards, is that mitigation of 
man-made hazards generally focuses on the source of the hazard. For example, one would set 
boundaries to the amount of hazardous substances that a factory may emit. For natural hazards, 
mitigation usually cannot focus on the source because our technology cannot alter these natural 
situations. Therefore, mitigation measures for natural hazards aim at reducing the 
consequences of hazard events by making the receivers (people, buildings) less susceptible to 
the hazard. A commonly used measure is for example the implementation of building codes 
that have evolved in many states to reduce the consequences of earthquakes, hurricanes and/or 
floods. This difference makes it clear why mitigating natural and man-made hazards requires a 
distinct method of mitigation. In this paper, only natural hazards will be taken into account. 
The most important natural hazards in the United States of America are earthquakes, floods, 
hurricanes, wildfires and drought. 
 
Disaster related activities can be divided into four stages: mitigation, preparedness, response 
and recovery. Mitigation refers to sustained action taken to reduce or eliminate long-term 
disaster risk, carried out well before the disaster event, for example building codes and zoning 
regulations designed to make property less susceptible to earthquakes (Godschalk e.a. 1999, 
Quarantelli 2003, Orians & Bolton 1992, FEMA 1997). All short-term activities undertaken 
following a disaster warning, such as temporary property protection and evacuation, contribute 
to disaster preparedness. When a disaster event occurs, the response stage begins. It consists of 
temporary emergency services such as search-and-rescue operations, temporary shelters an   6
food provisions. Recovery can then be defined as all activities undertaken to restore normal life 
after a disaster. The most important aspect is the rebuilding of damaged property and 
infrastructure (Godschalk e.a. 1999, Quarantelli 2003). 
 
The term hazard planning refers to an integral approach of reducing disaster risks, including all 
four phases of the above mentioned process: mitigation, preparedness, response and recovery. 
Often, community awareness and partnerships between various levels of government are 
included as important aspects of hazard planning (Quarantelli 2003, Palm & Carroll 1998). 
This paper focuses on the first step in the hazard planning process: the planning and 
implementation of mitigation measures.  
 
As seen above, mitigation is often described as all activities that reduce the risks of natural 
disasters. But what exactly is this risk? In order to answer that question it is necessary to firstly 
cover two other terms: vulnerability and exposure. Exposure is defined by the amount of 
people and their property that are exposed to the hazard (Mitchell 1999). A person’s or a 
group’s vulnerability depends on its characteristics: vulnerability is inversely proportional to 
the capacity of the people that are exposed to the disaster to resist it and recover from it 
(Wisner 2003). Risk can now be defined as a function of the characteristics of the hazard H 
(frequency, magnitude), the vulnerability of the receivers V, exposure E, and mitigation M 
(Wisner 2003, Mitchell 1999): 
 
R = (H • V • E ) – M 
 
Before one can start with mitigating an hazard, it is extremely important to gain a thorough 
understanding of the risk itself (Godschalk e.a. 1999, Olshansky 2001, Orians & Bolton 1992, 
Cutter 2005). In a risk assessment, the risks of a possible event are examined and defined as 
clearly as possible. Examples of questions that are answered in a risk assessment are (Cutter 
2005): 
•  What is the likelihood of the event taking place? 
•  What are the magnitude, frequency and duration of the event? 
•  Where might the event take place? 
•  How many people and buildings will be exposed? 
•  What is the vulnerability of people and places to the hazard? 
•  What are the potential human consequences of the event?   7
The first three questions relate to the hazard event H itself. The other questions focus on human 
interference with the event
1. The third question, “Where might the event take place?”, usually 
results in one or more hazard maps that provide a graphical classification of the area into 
different hazard zones that experience a certain risk. As said before, it is impossible to decrease 




2.2 Mitigation  measures  and their effectiveness 
Many different mitigation tools can be used in order to create a disaster resistant community. 
They can be divided into land use regulation tools, construction measures, awareness projects, 
hazard disclosure and financial impulses. The first two groups of tools are true mitigation 
measures, the last three are measures that aim to incite people to mitigate natural hazards. 
Construction measures are often referred to as structural mitigation, and land use regulation 
tools as non-structural mitigation.  (Godschalk e.a. 1999).   
 
2.2.1   Structural mitigation 
Structural mitigation is the most used method of mitigation. It includes for example the 
construction of dams, dikes and seawalls that aim to reduce the probability of flooding. 
Stormwater facilities can guide a contingent surplus of water to detention basins where it will 
not cause any damage, or at least not as much as it would if been left to flow freely. These 
constructions, and land improvements such as beach replenishments, restoration of sand dunes, 
brush clearing, erosion controls and slope stabilization, are effective in reducing flood, 
liquefaction, wildfire or other natural hazard damage, but can also be extremely expensive and 
require regular maintenance (FEMA 1997, Godschalk e.a. 1999).  
 
Another group of structural mitigation measures are building design codes. These aim to 
impose a basic construction standard that can withstand a possible flood, a hurricane, or an 
earthquake. Every type of hazard demands a specific type of building codes. Building 
elevations for example can protect against floods, storm shutters against heavy winds and the 
bolting of buildings to their foundations against severe ground shaking in case of an earthquake 
(Beatley & Berke 1992). Nelson and French (2002) suggest that building codes are not an 
                                                 
1 Cutter (2005) distinguishes risk assessment (which focuses on the natural hazard) from hazard analysis (which 
focuses on vulnerability, exposure and mitigation). Because this classification does not correspond with the 
definition of risk and hazard used in this paper both procedures are gathered under risk assessment.    8
adequate measure against damage and may in fact achieve the exact opposite. Because building 
codes are designed to resist a disaster up to a certain magnitude, events exceeding that 
magnitude may cause a catastrophe. However, people often do not realize this and are given a 
false sense of security by these building codes (Nelson & French 2002).  
 
To ensure a safety standard for all buildings, all structures built before the implementation of 
the building design codes should be retrofitted if necessary. As with the building design codes 
themselves the contents of a retrofitting code depend on the hazard. Some retrofitting 
improvements are major construction activities, others are relatively easy and inexpensive 
(Beatley & Berke 1992). In general, hazard proofing a building is cheaper if done when 
constructing the building. Retrofitting an existing building is usually much more expensive. 
The most vulnerable buildings are un-reinforced masonry, and buildings with a weak first floor 
(for example multi–family homes with numerous garages on ground level). These two 
categories of buildings most often need expensive retrofitting (Cutcliffe 2000). The high costs 
of retrofitting can sometimes be problematic: since retrofitting usually involves considerable 
expenses for the owner, it is often decided that it is cheaper to demolish the building. If the 
owner decides to retrofit, rents often increase (Beatley & Berke 1992). 
 
2.2.2   Non-structural mitigation 
Non-structural mitigation includes all land–use regulations that aim to divert (certain types of) 
development away from the most hazardous areas (Berke 1994). Zoning is the most used tool 
because it is inexpensive and effective (Burby e.a. 1999). However, local governments are 
often reluctant to restrict development as they fear the financial consequences of such a 
decision. Research by Nelson & French (2002) provides evidence that local land use plans and 
zoning regulations are effective in mitigating natural hazard damage, but that a higher level 
mandate is necessary to force local governments to do so. Godschalk e.a. (1999) too recognize 
the advantages of high quality land-use plans and zoning regulations. The effectiveness of 
these non-structural measures combined with relatively low costs make them an ideal 
mitigation tool.  
 
Sometimes local authorities will purchase high–risk land and reserve it for parklands and other 
low-risk uses. If necessary, existing structures will be demolished or relocated. This method of 
acquisition is a much-belauded mitigation tool among planning experts (Godschalk e.a. 1999, 
Beatley & Berke 1992, Nelson & French 2002). However, the acquisition of all high–risk land   9
is often too costly for a local government and in areas that are both high–risk and highly 
urbanized, avoidance of all hazardous locations is not a realistic option (Olshansky 2001).  
 
2.2.3  Awareness projects  
Natural hazard awareness projects aim to increase public knowledge on natural hazards that 
pose a threat to a community. It is believed that the provision of public information will 
encourage citizens to take individual actions to reduce their vulnerability (Olshansky 2001, 
Pearce 2003). Raising awareness is a rather new aspect of hazard mitigation since officials 
have long feared panic among citizens when disaster risks would be revealed to the public. 
However, both scientists and many authorities now agree that community members have the 
right to know what risks they are exposed to (Pearce 2003). By not only pointing out the risks, 
but also explaining possible actions community members can take to decrease their 
vulnerability, panic is avoided and both community participation in the mitigation process and 
the number of individual risk reduction actions are increased (Godschalk e.a. 2003). According 
to Burby e.a. (1999), community members that are educated in hazard risks through awareness 
projects are likely to use their knowledge to encourage local government to undertake 
mitigation actions. 
 
Without hazard awareness projects, community members often do not realize the risks of 
natural hazards in their area. Quarantelli (2003) and Cutter (2005) point out that without 
personal experience, people usually do not think they are at risk. Experiencing a disaster is 
therefore the trigger that invokes hazard mitigation actions. With awareness programs, people 
who have never experienced a disaster will gain a better perception of the risks they are 
exposed to and are then more likely to undertake action to reduce their vulnerability, whether 
individually or through participation in the local hazard mitigation process. Sometimes people 
know that they are threatened by a natural hazard, but because the occurrence of hazard events 
is uncertain and many societal problems such as crime appear to be quite urgent on a short-
term basis, they choose to focus their attention on the last category. Awareness programs can 
educate the public and help to balance short-term issues with long–term threats (Palm & 
Carroll 1998).  
 
Natural hazard awareness projects do not necessarily aim at community members. At all levels 
of government, these projects can increase government officials’ knowledge and willingness to 
actively promote hazard mitigation (Godschalk 1999). As with community members,   10
government officials that have access to hazard information will make informed decisions on 
hazard mitigation matters (Pearce 2003).  
 
2.2.4   Hazard disclosure 
Natural hazard disclosure is a concept that aims to inform potential buyers of property in a 
hazardous area about the risks that are involved with living at that location. The goal is not 
only to inform people but also to discourage them from settling in a high-risk area (Beatley & 
Berke 1992). The idea behind hazard disclosure is that if people are informed about the risks 
and fully understand them they will hopefully decide to search for a less hazardous location, 
thereby reducing growth in high-risk areas. If they would decide to settle at the hazardous 
location, it is their own responsibility to mitigate hazards or to accept the potential losses that 
may occur in case of an hazard event. However, in most cases where natural hazard disclosure 
is used in practice, it is only used as an awareness tool without any responsibility consequences 
of settling in a hazardous area attached to it. Hazard disclosure leads to  a more practical 
problem: in order to decide whether certain property lies in a hazard zone or not, reliable 
hazard maps on a parcel scale are necessary. These are often not available or of poor quality  
because creating hazard maps of good quality is costly and requires a high level of technical 
knowledge. 
 
2.2.5  Financial policies  
Governments can use several types of financial impulses in order to direct development away 
from hazardous areas, or to compensate for expenditures made to mitigate hazards. 
Unfortunately the most used financial tool, disaster relief, only achieves the exact opposite. 
Disaster relief aims to compensate damages inflicted by natural disasters. This way, citizens 
can recover from a disaster and rebuilt their property. This may sound as a friendly gesture, but 
it has some negative side-effects. Disaster relief is usually sustained by a high level of 
government. Decisions on local natural hazard mitigation policies are made by local 
governments, who in most situations also bear the costs of these mitigation measures. 
Mitigation is expensive, and the knowledge that community members will be compensated for 
possible disaster losses often encourages local government not to mitigate the hazards and even 
to develop previously undeveloped hazardous lands. From the local government perspective, 
this is the most cost-effective decision, even though it includes exposing community members 
to high levels of risk. Therefore, disaster relief is often referred to as ‘subsidizing risk’ (Burby 
e.a. 1999, Godschalk 1999).    11
A more appropriate use of money as a way to discourage development in high-risk areas, local 
property taxes may be used. Berke (1994) identifies two possibilities: increasing taxes in high-
risk areas to discourage development and to cover additional mitigation costs in case the area 
will be developed, or reducing taxes in hazardous areas if they are used for a low-risk land use, 
for example parklands. A combination of both is also possible. The increased tax revenues in 
high-risk areas can be used for hazard mitigation or reserved for recovery in case of an hazard 
event (Berke 1994, Freeman 2003). The emphasis should always be on rewarding citizens for 
following risk reducing strategies (Cutter 2005). 
 
Sometimes, encouraging citizens to purchase earthquake insurance or flood insurance is 
promoted as a mitigation measure. Disaster insurance, however, faces the same problem as 
disaster relief: instead of truly mitigating disaster risks, people are encouraged to inhabit high-
risk areas. On an individual and short-term basis disaster insurance may seem a good idea, but 
when seen from a long-term perspective it is evident that it does not solve the natural hazard 
problem. With ever more people in hazardous areas and increasing numbers of weather related 
hazard events, the insurances are bound to become unpayable during the next decades. 
Encouraging disaster insurance should therefore only be used as a secondary form of 
mitigation, the need for structural and/or non-structural mitigation measures does not disappear 
with purchase of disaster insurance (Burby e.a. 1999).  
 
 
2.3  Mitigation and the planning process 
From the preceding discussion of mitigation measures it can be concluded that planning can 
affect natural hazard risks. Some planning decisions may increase risks by encouraging people 
to settle in hazardous areas, other decisions decrease risks by diverting development away from 
hazard zones or by hazard-proofing the built environment. However, Berke (1994), Briechle 
(1999) and Burby & May (1998) all indicate that being exposed to a hazard does not 
automatically mean that the local government will establish hazard mitigation programs. 
Natural hazard mitigation is often not placed high on the political agenda. Briechle found that 
previous disaster experience is a strong indicator for hazard mitigation efforts. In other words: 
localities that have experienced a natural disaster in the last decades are more likely to develop 
proficient hazard mitigation programs (Briechle 1999). Berke (1994) indicates that the 
prevalent planning approach influences the quality of hazard mitigation plans. The results of 
his research of many local mitigation plans and planning approaches show that for natural   12
hazard mitigation the ideal planning system is one with full partnerships among different levels 
of government, local institutions and private organizations, and with a strong regulatory basis 
instead of an incentive based approach (Berke 1994).   
 
Pearce (2003), Reddy (2000) and Cutter (2005) all argue that natural hazard mitigation 
planning should consist of a bottom-up approach, combined with ample attention for local 
interests and public participation. A higher level regulatory top-down policy can be necessary 
to ensure hazard mitigation efforts, but the local planning process should be bottom-up to fully 
allow local interests to dominate. A comprehensive plan that includes disaster management 
planning and is realized with a public participation process has the highest probability of 
mitigating natural hazards in an effective way (Pearce 2003). According to Pearce (2003), the 
most important task of local officials is to design a planning process in which those aspects are 
combined. Public participation and local consensus building are recognized as an important 
factor in the succes of mitigation programs. It is important to realize that before people can 
participate in the hazard mitigation planning process, hazard awareness is a prerequisite (Brody 
2003). The willingness of people to participate depends on their knowledge and on the scale of 
the decisions to be made. This willingness increases when plans are spatially split up into 
small-scale neighboorhood plans. The participation techniques applied should therefore also be 
neighboorhood based (Godschalk e.a. 1999).  
 
The discussion of natural hazard mitigation issues should begin early in the planning process. 
A risk assessment can never be absent because it forms the basis of all mitigation decisions. 
Extensive research of many natural hazard mitigation projects by FEMA (1997) provides 
evidence that mitigation is less expensive when discussed early in the planning process. Once a 
decision has been made on for example the siting of certain land uses, adapting land in order to 
hazard-proof them if necessary can be costly, whilst consideration of the hazards in an earlier 
stage might have appointed a different land use to the regarding area. When making decisions 
on land use and new developments, all costs and benefits of the alternatives should therefore be 
taken into account, including costs of mitigation and expected damage (FEMA 1997, 
Olshansky 2001). Research by Mechler (2003) indicates that cost-benefit-analysis and other 
evaluation methods are used insufficiently in natural hazard mitigation issues, leading to an 
inefficient allocation of resources. Use of these methods significantly improves the allocation 
of resources  and decreases potential natural hazard losses (Mechler 2003). 
   13
Hazard mitigation plans and comprehensive plans are not always updated regularly. For hazard 
mitigation, updating of plans is usually triggered by a natural hazard event that affects the 
concerning community. As seen before, mitigation should be applied as early as possible and 
the same holds true for reviewing, monitoring, implementing, evaluating and updating hazard 
mitigation plans. The updating process should be precisely described and authorities should 
ensure the execution of this process (Godschalk e.a. 2003). Brody (2003) in this context 
mentions adaptive management: planners should constantly react to changing conditions and 
new information. Plans and policies need to be flexible to ensure the possibility of changing 
plans to new developments. He measured the quality of natural hazard mitigation plans during 
several years and concluded that the quality of a plan indeed does increase over time if is 
regularly adapted to new knowledge.  
 
Pearce (2003), Godschalk e.a. (2003) and Weichselgartner (2001) all show that natural hazard 
mitigation should be included as an element of a comprehensive plan instead of being a stand–
alone mitigation plan. The main reason for this is the fact that natural hazard mitigation affects 
many other disciplines such as land use planning, building design and land improvement. To 
ensure an active consideration of hazard risks and mitigation possibilities by officials of all 
those disciplines, mitigation should be included in regular planning practice. This will cause a 
spread of hazard knowledge, increase cooperation between different levels of governments 
and/or local institutions and will increase the willingness of the public to be involved in the 
planning process. Goals of different disciplines can then be balanced on a joint basis. 
(Godschalk e.a. 2003). To balance opposite goals, evaluation of alternatives through for 
example a cost-benefit-analysis can clarify under which measures the total benefit is optimal. 
To ensure maximum cooperation by all actors, it is important to explain clearly how 




This chapter focused on characteristics of natural hazard mitigation and its implementation in 
the planning process. It is important to remember that despite its specific characteristics, 
mitigation planning is still a type of planning. That means that for hazard mitigation, planners 
need to observe some basic planning principles. Kaiser, Godschalk en Chapin (1995) name a 
strong factual basis, clearly defined goals and objectives, and appropriately directed policies as 
the basic characteristics of any good plan. These characteristics are also necessary in a good 
hazard mitigation plan.    14
 
Continuing this line of thought and combining it with the information found in the literature 
study, it is now possible to create a list of demands, concerning both plan contents and the 
planning process, that defines high quality natural hazard mitigation planning.  
 
Demands regarding the planning process: 
•  Start thinking about natural hazard mitigation early in the planning process since 
mitigation tends to become more complicated and more expensive if it has to be 
moulded around a decision made earlier. 
•  Include natural hazard mitigation in a comprehensive plan to ensure embedding in other 
disciplines, for example land use planning, that are strongly connected with mitigation. 
•  Create a planning process that allows for ample public participation. 
•  Establish full partnerships among all levels and departments of government and other 
institutions involved. 
•  Monitor, evaluate and update the plans regularly so that the plan is always adapted to 
the latest knowledge and developments. 
 
Demands regarding plan contents: 
•  Provide a strong factual basis by means of a thorough risk assessment and by providing 
clear hazard maps. Educate both government officials and the public about the 
outcomes of the risk assessment so that all actors are aware of the actual risks. 
•  Define the goals of the plan as clearly as possible and describe how different interests 
were balanced in defining the goals and policies.  
•  Develop strong natural hazard mitigation policies. It is important to realize that even 
though awareness projects, hazard disclosure, and financial incentives are important, 
they can by no means be a substitute for structural or non-structural mitigation 
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3. INSTITUTIONAL FRAMEWORK:  
MITIGATION AND US GOVERNANCE  
 
3.1   Federal government 
The federal government of the US only deals with issues that are in the interest of the whole 
nation. Most other issues are dealt with on a state or local level. Since natural disasters have the 
ability to cause immense losses, both in lives and financially, regulating natural hazard 
mitigation is one of the tasks of the federal government. This includes provision of hazard 
information, provision of post-disaster relief, funding of mitigation projects, and encouraging 
lower level governments to mitigate hazards. These tasks are carried out by the Federal 
Emergency Management Agency, in short FEMA (Godschalk e.a. 1999, Palm & Carroll 1998).  
 
In 1995, FEMA launched the ‘National Mitigation Strategy’ that aims to “strengthen the 
partnership among all levels of government and the private sector and to empower all 
Americans to fulfil their responsibilities for ensuring safer communities (FEMA 1997, p.1).  
The strategy has two goals (FEMA 1997, p.1-2):  
•  “To substantially increase public awareness of natural hazard risk so that public 
demands safer communities in which to live and work.” 
•  “To significantly reduce the risk of loss of life, injury, economic costs, and destruction 
of natural and cultural resources that result from natural hazards.” 
FEMA has many other programs concerning natural hazard mitigation. Some are now part of 
the National Mitigation Strategy, others are separate measures.  
 
In general, mitigation efforts and funding by FEMA generally focus on floods and earthquakes. 
For other natural hazards, state and local governments are largely dependent upon themselves. 
In practice this means that mitigation efforts for other natural hazards then floods or 
earthquakes, local governments are fully responsible, both financially and organizationally, 
because in most states state government mainly pursues FEMA standards that lay most 
responsibility upon the local level (Geschwind 2002). Another problem is the fact that most 
FEMA programs focus on structural mitigation measures or on awareness projects. There are 
few initiatives at the federal level that aim at, or help local governments with, non-structural 
mitigation measures such as to discourage new developments in high-risk areas. This truly is a 
missed opportunity since local governments are often reluctant to take such decisions fearing 
the financial consequences. Non-structural mitigation measures are highly effective, so more   16




If  an hazard event causes losses that exceed the state’s capability to respond to and recover 
from, the governor of that state can request a ‘presidential declaration’ from the president. If 
the request is approved, the hazard event is a declared disaster and FEMA will then provide 
funds for disaster relief to the affected states. The costs of this disaster relief aid are enormous. 
In 1992, hurricane Andrew caused damages of over $25 billion, and FEMA appointed $1.64 
billion in disaster aid. In 1993, the Midwest Floods caused at least $12 billion in damages, and 
FEMA appointed $875 million in disaster aid. In 1994, the Northridge earthquake caused 
damages of $20 billion, and FEMA appointed $3.3 billion in disaster aid. The funds for this 
disaster relief come from various programs, including the National Flood Insurance Program 
and the Robert T. Stafford Disaster Relief and Emergency Assistance Act (Godschalk 1999, 
Briechle 1999). 
 
During the last decade, there have been one or more of these disasters almost every year. 
Because of the immense costs, FEMA is slowly changing its policy. Pre-disaster mitigation is 
more cost-effective and prevents losses of all sorts. Because of this, FEMA has slowly begun 
to expand the coverage of the Stafford Act and the NFIP to pre-disaster mitigation measures. 
FEMA is also changing the policies on who is eligible for disaster relief. In the National 
Mitigation Goal, FEMA states that “those who knowingly choose to assume greater risk must 
accept responsibility for that choice” (Godschalk 1999, p. 12) and in the future can be excluded 
from disaster aid. The same holds true for households that did not purchase natural hazard 
insurance. They too can in the future be excluded from disaster aid. Before individuals can be 
held completely responsible for their decision to live in a high-risk area, it is necessary to 
increase public awareness and ensure full hazard disclosure. For now, FEMA will focus on 
these necessities before introducing this new policy of personal responsibility (Godschalk 
1999).  
 
Structural mitigation projects 
The most important mitigation funding programs are the Hazard Mitigation Grant Program 
HMGP,  and the National Flood Insurance Program NFIP. Both the HMGP and the NFIP were 
originally meant for post-disaster relief. The HMGP stems from the sections 404, 406 and 409   17
of the Stafford Act (FEMA 1997). HMGP funding is subject to competition: FEMA provides a 
certain amount of money after a declared disaster. Communities then have to compete with 
each other to obtain (part of) the grant (FEMA 2001). As seen in chapter 2, disaster relief is not 
ideal because it tends to subsidize risk. Because of this, FEMA has slowly begun to expand the 
coverage of the Stafford Act and the NFIP to pre-disaster mitigation measures. It is now 
possible for local governments to obtain funding for implementation of local hazard mitigation 
projects and plans. FEMA can provide funding up to 75% of the mitigation costs. Funding by 
these programs, however, is still only possible for projects in areas that recently experienced a 
declared disaster (Godschalk 1999, FEMA 1997). The National Earthquake Hazard Reduction 
Program, NEHRP, can provide funding for structural mitigation in earthquake risk areas. 
Similar to the NFIP and the HMGP, funding by NEHRP is only possible if the locality has 
been struck by large earthquake losses in the past. 
 
Structural mitigation projects are expensive. Unfortunately, even with the grant programs by 
FEMA there is often not enough money available to realize these constructions. According to 
Beatley & Berke (1992) the NEHRP is funded below the level required to be effective. 
Research by Briechle (1999) indicates that two-thirds of local governments do not have access 
to sufficient funds for structural mitigation projects. They either do not comply with the 
conditions for funding set by FEMA, or FEMA funding is not sufficient, or they do not know 
that FEMA funding is available (Briechle 1999). FEMA itself states that “the funds available 
for pre-disaster mitigation projects need to be greatly increased” and indicates that Congress 
should therefore allocate more money to FEMA (FEMA 1997, p. 9). 
 
Non-structural mitigation efforts 
Structural mitigation is not always ideal. It is expensive and, more important, facilitates 
development in high-risk areas while those risks are, although somewhat decreased, still 
present (Burby e.a. 1999). Often it is more effective to reduce natural hazard risks through non-
structural mitigation such as enhanced land use planning. This notion grew in US government 
and FEMA after the Midwest floods of 1994. Since then, FEMA has launched several 
programs concerning non-structural mitigation (Godschalk e.a. 1999). In 2000, FEMA 
introduced the Federal Hazard Mitigation Act, FHMA. This act requires local governments to 
prepare natural hazard mitigation plans. Unfortunately, the act does not set any strong 
conditions to the contents of those plans and does not enforce a link between the natural hazard 
mitigation plan and other local plans such as the general plan, or the inclusion of mitigation in   18
a comprehensive plan (Godschalk e.a. 2003). Local governments can apply for funding of their 
mitigation planning efforts (FEMA 1997). 
 
HAZUS 
Local governments frequently economized on the risk assessment procedures in their hazard 
planning process because a good assessment can be costly and requires specialist knowledge. 
Since a thorough risk assessment is crucial, the quality of the plans suffered from the lack of 
funds and knowledge among local officials. FEMA therefore established HAZUS, a free-of-
charge software tool released in 1997 that can assist local governments in the risk assessment 
procedure (Burby e.a. 1999, FEMA 2004, Milheizler & Schneider 1997). HAZUS is a 
complete natural hazard loss estimation methodology; it takes into account physical damage, 
economic losses, and social impacts of natural disasters. It allows for combined assessments of 
multiple hazards. Earthquake, hurricane and flood risks can be calculated directly with the 
software, and it is possible to combine this information with that of other hazards (FEMA 
2004). 
HAZUS will estimate among others (FEMA 2004): 
•  the number of buildings damaged and the number of people made homeless 
•  the number of deaths 
•  the amount of damage to electrical and water utilities and transportation systems 
•  estimated costs of repairing all damages 
HAZUS also provides tools for land use planning and siting issues, for enhanced decision-
making on whether to retrofit or demolish, and for planning of emergency response services. 
Since risks vary by location, HAZUS is in fact a GIS tool. In order to run the program, various 
data are necessary, among others GIS data. HAZUS only accepts GIS files in the ArcGIS-
format which means that local governments can only use HAZUS if they have ArcGIS (FEMA 
2004). Although HAZUS  is provided free-of-charge, ArcGIS software is expensive which puts 
new financial obstacles in the way to thorough local risk assessments.  
 
Project Impact 
In 1998, Project Impact was launched. This project consists of several measures that should 
assist communities to mitigate natural hazards to become ‘disaster resistant’. It provides a 
guidebook that provides checklists, case studies and other helpful tools to develop a mitigation 
plan. Communities can then request the label ‘disaster resistant’. If the request is approved, the 
community receives $1 million from FEMA to support sustained implementation of local   19
mitigation measures (FEMA 1998, Godschalk e.a. 1999). Project Impact is a good example of 
encouraging local communities to undertake mitigation activities. Communities are not forced 
to make plans they do not truly support (as can be the case with the plans made under the 
Hazard Mitigation Act) and the $1 million is a strong incentive to undertake action. 
 
3.2   State government 
The task of state governments in natural hazard issues is to share the costs of disaster recovery 
and to regulate mitigation efforts. Within the framework of this paper, the last task is the most 
relevant one (Palm & Carroll 1998). State governments are obliged to draft a state multi-hazard 
mitigation plan in which they describe their policies for hazard mitigation. The mitigation itself 
takes place at the local level (FEMA 1997). States can establish mandates to regulate local 
mitigation efforts. The next chapter will explore the quality of natural hazard mitigation plans 
in Southern California. Therefore, some of the California state programs and mandates and 
their characteristics will now be explained.  
 
The State of California Multi-Hazard Mitigation Plan described has four goals (OES 2004): 
•  To save lives and reduce injuries, 
•  To avoid damages to property, 
•  To protect the environment, and 
•  To promote hazard mitigation as an integrated policy. 
These four goals are accompanied by numerous objectives. Most of these are clearly influenced 
by FEMA policies, for example (OES 2004): 
•  “Improve the understanding of the location and potential impacts of natural hazards, the 
vulnerability of building types, and community development patterns”  
•  “Increase understanding of the importance of mitigation” 
•   “Provide state and local agencies with updated information about hazards,  
vulnerabilities, and mitigation measures”  
•  “Ensure that all communities in the state are covered by a local hazard mitigation plan” 
•  “Ensure that all structures meet minimum standards for safety” 
•  “Discourage development in high risk areas” 
•  “Reduce or eliminate all repetitive property losses due to flood, fire and earthquake” 
•  “Establish a partnership among all levels of government and the business community to 
improve and implement methods to protect property” 
•   “Develop and distribute to state and local agencies maps of high-risk areas”   20
•  “Provide technical assistance and guidance to local governments to improve hazard risk 
assessments, mitigation project identification and analysis, and the development of 
local hazard mitigation plans” 
•  “Develop a statewide program of support for hazard identification, prioritization, and 
support for local governments” 
These objectives aim at increasing hazard awareness, at distribution of knowledge on natural 
hazards, at the development of a planning process that allows for partnerships, and at 
encouraging non-structural mitigation measures.  
 
Berke e.a. (1996) have made researches into natural hazard mitigation mandates of several US 
states. Concerning California state mandates, they conclude that these lack the authority 
necessary to enforce a strict observance of the mandate. There is few obligation for local 
governments to have their plans approved by the State. Drafts have to be approved, but in 
practice they are hardly ever rejected no matter what the contents are, and there are few 
measures the State can take if local governments do not comply with the rules. The research 
indicates that local plans are more effective and of a higher quality if the state government 
enforces strict compliance with its mandates (Berke e.a. 1996). Though the goals and 
objectives of the State of California Multi-Hazard Mitigation Plan are strong, they may not 
fully ooze through to the local level due to a lack of authority. This is certainly a point of 
attention since it can help explain the findings of the case studies in the next chapter.  
 
General plan 
Each city and county in California must adopt a general plan: a comprehensive long-term plan 
for de development of the city or county. A general plan must be reviewed by the Division of 
Mines and Geology and the Department of Conservation of the state of California, and 
amended if necessary, before it can be officially adopted. Once a general plan is adopted, it  is 
a legislative act (State of California 2004). Since 1976, the State of California mandates all 
local governments to include hazard mitigation in their local general plan. The mandatory 
elements of a general plan are land use, circulation, housing, open space, conservation, safety 
and noise. Other elements are optional and it is possible to combine elements if deemed 
necessary (OPR 1998, State of California 2004). Natural hazard mitigation should be included 
in the safety element. The safety element deals with (CERES 2004): 
•  Seismically induced surface rupture, ground shaking, ground failure, tsunami, dam 
failure   21
•  Slope instability leading to mudslides, landslides 
•  Subsidence and other geologic hazards 
•  Flooding 
•  Wildland and urban fires 
The objective of the safety element must be to protect the community from any ‘unreasonable’ 
risks associated with the various natural hazards (State of California 2004, section 65302g). 
The term ‘unreasonable’, however, is not further defined. The safety element must address 
evacuation routes, clearances around structures, and peak load water requirements. 
Furthermore, hazard maps must be included for seismic and other geologic hazards. The 
mandate suggests several optional items such as historical data, an inventarisation of buildings 
and infrastructure that might collapse in case of a natural hazard event, the potential for dam 
failure and many other ideas. These are all not obligatory (CERES 2004). Some elements show 
some overlap; flooding for example has to be covered in the land use element, the safety 
element, and the conservation element (State of California 2004).  
 
Hazard disclosure 
In California, anyone who sells his/her property has to notify potential buyers of natural hazard 
risks that are involved with inhabiting the property if the property lies in (DRE 2004, Detwiller 
1998): 
•  a special flood hazard area; or 
•  an area of potential flooding; or 
•  a designated very high fire hazard severity zone; or 
•  a wildland fire area; or 
•  an earthquake fault zone; or 
•  a seismic hazard zone. 
Furthermore, potential buyers of property built before 1975 have to be notified if there are any 
structural deficiencies to the building (DRE 2004). The hazard disclosure statement warns that 
“these hazards may limit your ability to develop the real property, to obtain insurance, or to 
receive assistance after a disaster” (Detwiller 1998) and thereby focuses on two key aspects of 
FEMA policies by limiting developments in hazardous areas and by holding property buyers 
responsible for the consequences of their choice to inhabit such an area.  
 
 
   22
Seismic hazard mitigation 
California is internationally known as ‘earthquake country’ because of its many earthquakes. 
The State of California has developed several acts and codes that aim to reduce seismic risks. 
The Alquist-Priolo Act for example prohibits development on active seismic fault traces 
through land use restrictions (Beatley & Berke 1992, Olshansky 2001). Areas with a high 
potential for ground failure can be developed but, according to the Seismic Hazards Mapping 
Act, only if the risks of inhabiting a high-risk area are appropriately mitigated (Olshansky 
2001). There is a so called unified building code that sets seismic safety standards for all 
building constructions. According to the un-reinforced masonry law, communities in high risk 
areas have to prepare an overview of all un-reinforced masonry buildings in their community 
and establish a mitigation program to reduce these risks. Note that retrofitting is not mandated 
(though strongly advised), communities only have to establish a plan for the un-reinforced 
masonry buildings and stick to that plan. The exact contents of the plan are up to the local 
government (Beatly & Berke 1992).  
 
 
3.3   Local government 
The primary tasks of local governments in natural hazard issues are the initial emergency 
response in case of a disaster, an issue that is beyond the scope of this paper, and the 
implementation of federal and state mitigation codes and regulations (Palm & Carrol 1998, 
FEMA 1997).  
 
Briechle (1999) has thoroughly examined the decision-making process of over 500 local 
governments concerning natural hazard mitigation issues. The results of her research are quite 
dramatic: only 11% of local governments considers natural hazard mitigation as a priority. 
Eighty-three percent of localities had experienced a declared disaster, but only 52% reported 
flood as a serious threat, 22% reported earthquakes as a serious threat and 11% reported 
hurricanes as a serious threat. A total of 29% of local governments reported the implementation 
of mitigation measures, of which development restrictions in high-risk zones are the most 
popular measure. Sixty-five percent of local governments experienced concerns about the 
financing of mitigation measures, while 34% indicated that funding from state or federal 
sources might help to facilitate mitigation measures. State and federal mandates and legal 
requirements are the most-heard motivation for adopting mitigation measures (Briechle 1999). 
These results indicate once again that strong mandates from higher level governments and   23
funding of mitigation measures are necessary to increase the adoption and implementation of 
natural hazard mitigation measures.  
 
The next chapter will examine to what extent local governments in Southern California 
succeed in their hazard mitigation obligations. As said before, local governments in California 
must include natural hazard mitigation in their general plan in the form of a safety element. 
The general plans of 2 counties in Southern California and 16 cities therein will be examined in 
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4. CASE STUDIES IN SOUTHERN CALIFORNIA 
 
 
4.1   Southern California and natural hazard mitigation 
California is known for its natural disaster potential around the world. The mass media often 
choose California as a location for making disaster-movies, and not without a reason. The 
cities of Southern California are located in an area of high seismic activity. On January 17, 
1994, Los Angeles was struck by a 6.7 magnitude earthquake. The losses exceeded $30 billion. 
It is estimated that within the next century, the greater Los Angeles area might experience an 
earthquake of even greater magnitude, not unlike the one that hit San Francisco in 1906 that 
with a magnitude of 8.2 caused 3000 deaths, destroyed 28,000 buildings and made 350,000 
people homeless (Palm & Carroll 1998). If that would happen, losses would be dramatic. For 
such an event the economic losses are estimated at $220 billion, the number of deaths at 8,000 
and the number of serious injuries at 20,000 (Burby 1998). And unfortunately, earthquakes are 
not the only natural hazard threat in Southern California; there are also high flood, wildfire and 
landslide risks (Cutter 2005). Combined with high population densities, this creates an 
enormous potential for natural disasters in this region. Davis (1998) therefore mockingly 
describes the city of Los Angeles as “apocalypse theme park”. However, research by Palm & 
Carroll (1998) provides evidence that California’s population greatly underestimates the risks 
of such events and is not very concerned with natural hazard risks. The mitigation efforts of 
local governments vary greatly. The amount of un-reinforced masonry buildings that is now 
retrofitted or demolished, for example, is 85% of identified un-reinforced masonry buildings in 
Los Angeles, 65% in Orange County, and 15% or less in San Diego, Riverside, San Bernardino 
and Kern (LA Times 2004).  
 
In previous chapters, many motivations for natural hazard mitigation have been given, as well 
as ideal approaches to mitigation planning. Since Southern California is so prone to natural 
disasters, mitigation can really make a difference here. In this chapter, the quality of natural 
hazard mitigation plans in Southern California will be examined. In order to do so, two highly 
urbanized counties in the region, Orange County and Los Angeles county, will be used as case 
studies. For both counties, county general plans and general plans of 16 cities therein (8 in each 
county) will be used. As seen in chapter 3, all counties and cities in California are required to 
establish a general plan that includes natural hazard mitigation. Gathering these general plans 
for research proved to be difficult; in some cities the plans were publicly available on the 
internet, but in most cases they were harder to come by. Local governments were not always   25
Figure 4.1 Cities used in Orange County
cooperative and some simply refused to provide the plan. In other cases, it was impossible to 
see the plans because they ‘were being updated’, ‘were unavailable’ or because the city 
claimed not to have one. It is hard to tell whether these statements are true, or that the local 
governments are simply afraid of their plans being judged and maybe found inadequate. 
Therefore, the selection of the 8 cities in the case study was mainly based on their willingness 
to provide the general plan. It is important to keep in mind that it is possible that through this 
selection only the cities that have quite adequate plans were selected. Another point of 
attention is the possibility that some cities might have more elaborate hazard mitigation plans. 
Therefore all cities were asked whether they had more specific hazard mitigation plans or not. 
They did either not respond to this question or explained they did not have one. Therefore, the 
starting point of this study is that the information gathered is complete. 
 
 
4.2 County  characteristics 
4.2.1 Orange  County 
Orange County takes up 785 square miles, of which 
about 25% consists of unincorporated areas. The cities 
that were selected in Orange County are Anaheim, Costa 
Mesa, Dana Point, Fullerton, Irvine, Orange, San 
Clemente and San Juan Capistrano (see figure 4.1). These 
cities form a good profile of Orange County: they vary in 
population and in per capita income, so that not only 
small or only large cities were selected, and not only poor 













Locality  Population  Per capita 
income 
Orange County  2,846,289  25,826
Anaheim 328,014  18,266
Costa Mesa  108,724  23,342
Dana Point  35,110  37,938
Fullerton 126,003  23,370
Irvine 143,072  32,196
Orange 128,821  24,294
San Clemente  49,936  34,169
San Juan Capistrano  33,826  29,926
Table 4.1 Census data Orange County (US Census 2000)   26
The planning and zoning expenditures of Orange County average $43 million over the period 
1996-2000 (see table 4.2). This might be an indication of the county’s planning and non-
structural mitigation efforts.  
 
  1996  1997  1998  1999  2000  Average 
Planning & zoning expenditures  83,224 78,918 17,148 14,642 23,028  43,392
Table 4.2 Orange County expenditures for planning and zoning 1996-2000 in $1000 (CICG) 
 
4.2.2  Los Angeles County 
Los Angeles County takes up 4,079 square 
miles, of which about two-thirds consists of 
unincorporated areas (LAC 2004). The cities 
that were selected in Los Angeles County are 
Carson, El Segundo, Glendale, Long Beach, 
Los Angeles, Malibu, Pasadena and Sierra 
Madre (see figure 4.2). Like the cities in Orange 
County, these cities form a good profile of Los 
Angeles County: they vary in population and in 
per capita income, so that not only small or only 
large cities were selected, and not only poor or 











Table 4.3 Census data Los Angeles County (US Census 2000)  
 
The planning and zoning expenditures of Los Angeles County average $7.8 million over the 
period 1996-2000 (see table 4.4). 
  1996  1997  1998  1999  2000  Average
Planning & zoning expenditures  6,851 6,901 7,166 8,437 9,697  7,810
Table 4.4 Los Angeles County expenditures for planning and zoning 1996-2000 in $1000 (CICG) 
Locality  Population  Per capita 
income 
Los Angeles County  9,519,338  20,683
Carson 89,730  17,107
El Segundo  16,033  33,996
Glendale 194,973  22,227
Long Beach  461,522  19,040
Los Angeles  3,694,820  20,671
Malibu 12,575  74,336
Pasadena 133,936  28,186
Sierra Madre  10,578  41,104
Figure 4.2 Cities used in Los Angeles County  27
4.3  Evaluation of mitigation policies in OC and LAC 
4.3.1 Evaluation  framework 
The natural hazard mitigation elements of the general plans will be judged based on the 
findings of chapters 2 and 3. As demands for plan contents were mentioned: 
•  a strong factual basis,  
•  a clear goal definition,  
•  a description of the interaction and balancing between different interests, and  
•  strong mitigation policies in a clear implementation framework 
These are the conceptual aspects the plans will be evaluated on (the last aspect will be split into 
two separate aspects: the concepts of the mitigation policies in itself, and the proposed 
implementation efforts). Another goal of this study is to find out to what extent local 
governments include elements that are mandated by state government. The State of California 
mandates that the safety element must address: 
•  evacuation routes,  
•  clearances around structures, and  
•  peak load water requirements.  
Furthermore, hazard maps must be included for seismic and other geologic hazards. These are 
the aspects that form the basis of the plan evaluation. For every aspect, a plan can receive a ‘0’, 
a ‘+’ or a ‘+ +’. A ‘0’ indicates that that aspect is not covered by the plan at all. An aspect rated 
‘+’ is mentioned, but not in detail. A ‘+ +’ indicates that the aspect has been extensively 
covered in the plan. This distinction between ‘+’ and ‘+ +’ is important, because research 
suggests that the more detail is provided in a plan, the higher chances are that the policies will 
be actually implemented (Beatley & Berke 1992).  
 
It is important to realize that from a plan element, it is impossible to review the planning 
procedure that has preceded the adoption of the plan. The evaluation is therefore only based on 
plan contents, not on the planning process. Furthermore, only natural hazard mitigation will be 
considered. Mitigation of man-made hazards as well as disaster preparedness, response and 
recovery are not included.  
 
4.3.2  Natural hazard mitigation in Orange County 
On the following pages, the evaluation of the safety elements in Orange County is provided. 
Table 4.5 shows in what general plan elements natural hazard mitigation is discussed, and the 
year of adoption, or the last updating, of the element. Table 4.6 shows what hazards the   28







































Locality  Element(s)  Year 
Orange County  Safety  1987 
Anaheim Safety  2004 
Costa Mesa  Safety  2000 
Dana Point  Public Safety  1995 
Fullerton  Community Health & Safety  1997 
Irvine  •  Seismic 
•  Safety 
1999 
Orange Safety  1989 
San Clemente  •  Geologic, Seismic, and Soils Hazards 
•  Natural Hazards 
1993 
San Juan Capistrano  •  Safety 









































Orange County  9  9  9  9 
Anaheim  9  9  9  9 
Costa Mesa  9  9  9  9 
Dana Point  9  9  9  9 
Fullerton  9  9  9  9 
Irvine  9  9  9  9 
Orange  9  9  9  9 
San Clemente  9  9  9  8 













Table 4.7 Natural hazard mitigation elements in General Plans in Orange County 
1) The goal definition was not completely absent, but merely stated something like ‘reduce the risks to the 
community’ without any further specifications. 
 
 
4.3.3  Natural hazard mitigation in Los Angeles County 
On the following pages, the evaluation of the safety elements in Los Angeles County is 
provided. Table 4.8 shows in what general plan elements natural hazard mitigation is 
discussed, and the year of adoption, or the last updating, of the element. Table 4.9 shows what 
hazards the element deals with. Table 4.10 provides an overview of the findings of the 





















































































































































































Orange County  + +  +  +  + +  +  + +  0  0  0 
Anaheim  +  +  + 0 + 0  +  +  0 0 0 
Costa Mesa  +  0
1)  0  +  0  + +  + +  0  + 
Dana Point  +  +  0  + +  0  +  + +  0  0 
Fullerton  + + 0 + + + 0 0 0 
Irvine +  0
1) 0 +  + 0 +  + 0  0  0 
Orange  + + 0 + + + + 0 0 
San Clemente  + +  + +  0  + +  + +  + +  0  0  0 
San Juan Capistrano  +  +  0  + +  +  + +  0  0  0 
Locality  Element(s)  Year 
Los Angeles County  Safety  1993 
Carson Safety  2004 
El Segundo  Public Safety  1992 
Glendale Safety  2003 
Long Beach  Public Safety  1975 
Los Angeles  Safety  1996 
Malibu  Safety and Health  1995 
Pasadena Safety  2002 


































Table 4.10 Natural hazard mitigation elements in General Plans in Orange County 
1) The goal definition was not completely absent, but merely stated something like ‘reduce the risks to the 
community’ without any further specifications. 
 
4.3.4   Evaluation 
The goal of this evaluation is not a ranking of the plans, but to obtain an overview of the 
quality of local natural hazard mitigation plans. Therefore, no total scores per plan are 
calculated for it is not the score of a single plan that counts, it is the mitigation planning 
situation in Southern California as a whole. Tables 4.6 and 4.9 show that not all plans cover all 
categories of natural hazards. San Clemente and Carson claim not to be at risk from wildfires 
and therefore did not include fire risk in their natural hazard mitigation plan. Pasadena only 








































Los Angeles County  9  9  9  9 
Carson  9  9  9  8 
El Segundo  9  9  9  9 
Glendale  9  9  9  9 
Long Beach  9  9  9  9 
Los Angeles  9  9  9  9 
Malibu  9  9  9  9 
Pasadena  9  8  8  8 






































































































































































Los Angeles County  +  0  +  +  0  0  0  0  0 
Carson  +  +  0  + +  + + +  + 0  0 
El Segundo  +  +
  0 +  + +  +  0  0  + 
Glendale +  0
1) + +  + + +  + 0  0  0 
Long Beach  + +  + +  + +  + +  0  + +  0  0  0 
Los Angeles  + +  +  0  +  0  + +  0  0  0 
Malibu  ++  0 + + 0 + 0 0 0 
Pasadena  0 + 0 + 0 0 0 0 0 
Sierra Madre  +  0
1)  0 + 0 0 0 0 0   31
to, although that seems hard to believe since Glendale, Sierra Madre and Los Angeles (all close 
to Pasadena) also prepared plans for landslide, flood and wildfire hazard. When asked what the 
reason is for the absence of other natural hazards, the city of Pasadena unfortunately does not 
respond. Another remarkable issue is the fact that some cities have not updated their plans at 
all during the last decade (see tables 4.5 and 4.8). As seen in chapter 2, a regular updating of 
plans is crucial to ensure its effectiveness.  
 
From the numerous ‘0’s in the tables 4.7 and 4.10 can be concluded that certain aspects of a 
plan are sometimes completely absent. Especially the elements mandated by the State of 
California General Plan Guidelines (hazard maps, evacuation routes, clearings around 
hazardous buildings, and peak load water requirements) are often missing. This is strange since 
the State has to approve all General Plans and their elements before adoption. It is possible that 
these elements, except for the hazard maps, are covered in the emergency plans that most cities 
do have. But even then it is peculiar that mandatory elements are simply missing in approved 
plans. For the aspects that are not mandatory, but desirable from a planning perspective (factual 
basis, goal definition, balancing of interests, policies, and implementation) holds that the 
absence of these aspects can reduce the overall quality of the plans.  
 
Overall, the quality of the factual bases is in order. Natural hazard risks are explained and 
usually accompanied by detailed hazard maps that visualize risks spatially. In most cases, an 
overview of historic natural hazard events is presented. Sometimes, not only present risks, but 
also future risks in case of future developments are discussed. This is the ideal form of a factual 
basis since it combines hazard knowledge with future developments in all planning disciplines 
and can thereby provide a link between the safety element and other elements of the plan.  
 
Generally speaking, the goal definition is not nearly as detailed as desirable. Often, goals are 
formulated as ‘to minimize losses from hazard x’ and ‘to reduce losses from hazard y’. That 
can hardly be called a goal definition, it is merely stating the obvious. Fortunately, there are 
some examples of excellent goal definition as well. Long Beach for example states 
‘redevelopment of areas that may present safety problems’ and ‘physical planning as a means 
of achieving greater degrees of protection from hazards’ as some of its goals. These are well 
formulated and provide good starting points for determining specific policies.   
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When it comes to balancing different interests, local governments seem to be reluctant to 
explain what arguments they will use and what priorities they will make. Some plans mention 
which other elements might interact with the safety element, but not how possible conflicting 
interests are balanced. This is understandable since a sound balancing of interests is difficult 
and asks for strong prioritization, but that is exactly why it is so important. Balancing issues 
can occur at any moment and they will not get any easier by not mentioning them. By clearly 
stating values that are important when balancing conflicting interests, decision-makers are 
forced to make priorities, which is in fact the essence of decision-making. Local governments 
should not be afraid to do so.   
 
The policies presented in the plans are often too vague. They state for example ‘reduce the 
risks of impacts of geologic hazards by applying proper development requirements’ without 
any further explanation of the term ‘proper development requirements’ which could be 
anything from retrofitting buildings to non-structural land use measures. Assuming that these 
safety elements are the only natural hazard mitigation plans a city has, policies need to be far 
more specific in order to be effective. A vague statement can be overruled too easily in future 
discussions concerning the balancing of mitigation with other issues. Furthermore, most 
policies focus on awareness projects and on structural mitigation. Plans for example state that 
new developments in a hazard zone must be built according to a certain building code. Non-
structural mitigation, though usually more effective (see chapter 2), is rarely mentioned. This 
might be explained by the fact that both Los Angeles County and Orange County are highly 
urbanized and still growing, which leaves little space for avoidance of hazardous areas. In the 
less urban cities, some non-structural polices can be found. One of the policies of the San 
Clemente plan for example aims to ‘ensure that non-seismic and seismic hazards are avoided 
prior to development’ instead of retrofitted afterwards. A last point of attention concerning 
policy formulation is the cautiousness with which many cities formulate their policies. They 
seem to be afraid to make any promises or to impose any obligations. Plans with stronger 
policy formulation can be more effective because once the policies adopted they have to be 
observed. El Segundo sets a good example by using strong verbs such as ‘shall’ or ‘will’ 
instead of ‘should’ or ‘might’. Examples from the El Segundo plan are: ‘The city shall enforce 
development standards [...]’ and ‘[The city will] place responsibility on the developer’. 
 
Most plans pay no attention to implementation issues. Goals and mitigation policies are 
mentioned and that is all. Luckily, there are some cities that do provide detailed descriptions of    33
the implementation of policies, including the department or institution that is responsible for 
the implementation of that policy, an explanation of the financial resources for the 
implementation, and a clear term by which the policy should be fully implemented. Glendale 
even went one step further by providing a schedule with the fore mentioned information plus a 
prioritization of policies in case of conflicting interests or a change in the administrative or 
financial situation of the city. The city of Orange shows a peculiarity that seems mysterious. 
Some policies are accompanied by a clear implementation guide, while others are not. One 
could wonder how important the last category of policies is, considering the fact that obviously 




From the foregoing it can be concluded that especially the mutual adjustment of the different 
parts of an hazard mitigation plan is problematic. Some cities provide a detailed factual basis 
but then do not use that in their policy formulation. Others have defined clear and strong 
policies, but those are based on a poor factual basis. The  fact that implementation schedules 
are so often absent indicates that many local governments do not relate policies to the day-to-
day work of, for example, the planning commission. In other words, plans are perceived as 
mere plans, not as a roadmap to a desirable future situation. More interconnectedness of those 
different aspects of mitigation planning (as well as of planning in general) would probably 
increase the effectiveness of the plans, but in order to achieve this local planners would first 
have to realize the importance of hazard mitigation plans.  
 
The fact that so many cities do not include mandated aspects such as evacuation routes creates 
doubts concerning the determination and commitment of the State of California in reviewing 
the local plans. Showing more authority through a strict enforcement of general plan mandates 
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5. RECOMMENDATIONS 
 
This paper examined natural hazard mitigation planning practices in the United States and in 
particular in Southern California. From the previous chapters can be concluded that natural 
hazard mitigation is often not applied in the most effective way. It is possible to formulate 
recommendations for all levels of government that might improve the effectiveness of natural 
hazard mitigation, and to provide some suggestions for further research that might increase the 
understanding of local natural hazard mitigation practices. 
 
Federal natural hazard mitigation should shift its focus from enabling development in 
hazardous areas through structural mitigation and disaster relief to more sustainable non-
structural mitigation. Since most mitigation takes place at the local level, federal mitigation 
policies should focus more on encouraging local governments to undertake non-structural 
mitigation efforts, provide local governments with sufficient information on hazards and 
possible mitigation measures, provide sufficient funding for mitigation, and increase personal 
or local responsibility for the consequences of a decision to live or build in a high-risk area.  
 
The State of California should make higher demands on local governments concerning the 
observance of state planning mandates, in order to force local governments to do their utmost. 
A high quality mitigation plan is a requirement for high quality mitigation. Therefore, if 
mitigation is considered an important issue, state government should support local 
governments more instead of leaving them free to decide for themselves, since local 
governments have to contend  with so many immediate problems that mitigation and mitigation 
planning are easily economized on.  
 
From the evaluation of local mitigation plans emerged the impression that local governments 
are avoiding the difficult aspects of plan-making. Many safety elements lack a combination of 
well-formulated goals, specific policies derived from the goals, implementation schedules that 
lead to an effective implementation of policies and thereby verwezenlijken realize goals, a 
clear prioritization of interests, and a recognition of the interconnectedness of the various plan 
elements and goals. Local governments should not avoid these difficulties, but meet and solve 
them instead. This would greatly increase the quality of the local plans and would probably 
lead to a more efficient and effective implementation of mitigation measures. 
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The limited time available for this research made it necessary to confine the case study to two 
counties and to plan contents. However, to gain a better understanding of local mitigation 
planning efforts, it might be interesting to extend the case studies. A possibility for future 
research is to increase the number of cities and counties included in the case studies in order to 
gather enough plans for statistical analyses. In this study, the sample was too small to obtain 
any significant results. It would be interesting to know if factors such as population or median 
income are indicators for plan quality. Another possibility is to compare more counties with 
each other. If counties and cities from various states were included, it would be possible to find 
out what the influence of state planning mandates is on local plan quality. It is also possible to 
evaluate not the plan contents, but the planning process. It would be interesting to find out to 
what extent public participation and partnership models apply to the local mitigation planning 
practice. If more knowledge on the exact factors that determine the quality of local natural 
hazard mitigation planning was available, more specific policies could be developed in order to 
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